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Abstract 
 
Background:  The adoption of plant-based diets for reasons of health and 
sustainability is becoming increasingly popular especially among the younger 
generation. Indeed, reducing meat consumption has been associated with favourable 
health benefits; however, certain nutrients such as vitamin B12 are naturally found 
mostly in animal-based foods, and thus individuals who follow vegetarian eating 
patterns without proper planning are at risk of dietary inadequacies. Adolescence is 
a life stage where rapid physical and social development takes place leading to an 
increase in nutrient requirements alongside social pressures which can play a major 
role in eating behaviours. These factors can result in an unbalanced diet among 
adolescents. Therefore, monitoring changes in dietary patterns and assessing 
nutritional status of at risk life stage groups are important. To date, there is limited 
information on the dietary intakes of adolescent females in New Zealand, 
particularly among those adopting vegetarian diets. 
Objective: The aim of the study was to assess the dietary intake and adequacy of 
vitamin B12 among a group of vegetarian and non-vegetarian adolescent females 
aged 15-18 years. In addition, we also explored the major food group contributors to 
vitamin B12 intakes among these groups of adolescents with distinct dietary 
patterns. 
Design: This study was a cross-sectional survey in which school-based recruitment 
and targeted recruitment of 15-18 year old adolescent females were conducted, from 
13 high schools of different deciles across New Zealand, and vegetarians and 
vegans in Dunedin, respectively. Questionnaires capturing information such as 
sociodemographic and health were completed by the participants. Anthropometric 
measurements for calculation of BMI, and two 24-hour diet recalls for estimation of 
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usual intake were collected. Dietary data including energy and vitamin B12 intakes 
were analysed using FoodWorks – a nutrient analysis software programme using 
data from the New Zealand Food Composition Tables (NZFCT) – and major food 
group contributors of vitamin B12 intakes were ranked.  
Results:  In total, 251 adolescent females provided dietary intake data. Of those 
who participated, 36 (13%) self-identified as vegetarian with the remaining 
participants reporting being non-vegetarian. The majority of participants were New 
Zealand European and others (NZEO) and were living in low to moderate deprived 
areas. Two-thirds of participants were 17-18 years old and had a healthy BMI. The 
mean usual vitamin B12 intakes of vegetarians and non-vegetarians were 1.4 μg/day 
and 2.8 μg/day, respectively. The risk of inadequate vitamin B12 intake among 
vegetarians (74%) are higher than non-vegetarians (14%). with the prevalence 
of B12 inadequacy of 74% and 14%, respectively. Milk was shown to be 
the common major food group contributing towards the total vitamin B12 intake 
of vegetarians and non-vegetarians. Other major contributing food 
groups of vitamin B12 are savoury sauces and condiments (included yeast extract, 
milk/cheese sauces, mayonnaise) for vegetarians, and beef and veal for non-
vegetarians.   
Conclusion: In summary, adolescent females are at risk of inadequate vitamin B12 
intake with vegetarians presenting with a significantly higher prevalence of 
inadequacy when compared with non-vegetarians. This is a concern with 
the increasing adoption of vegetarian eating patterns. Future research such as 
national nutrition surveys are needed to track dietary patterns and assess the risk of 
inadequate intakes as verified by appropriate biomarkers.   
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1. Introduction 
 
In 2019, the EAT-Lancet Commission on healthy diets from sustainable food 
systems addressed the need for a global dietary shift towards plant-based foods, in 
order to achieve healthy diets and sustainable food productions (1). Likewise, 
vegetarianism has increased in popularity over the years, for various reasons 
including health, environmental and/or animal welfare (2-5). Nevertheless, similar 
to conventional diets, vegetarian diets have to be properly planned to avoid any 
micronutrient deficiencies such as iron, vitamin B12 and calcium. The position of 
the Academy of Nutrition and Dietetics on vegetarian diets is that "appropriately 
planned vegetarian diets, including total vegetarian or vegan diets, are healthful, 
nutritionally adequate, and may provide health benefits in the prevention and 
treatment of certain diseases" (6).  
Vitamin B12 is one of the essential nutrients which require attention 
especially when planning a nutritionally adequate vegetarian diet (6). The concern 
for inadequate vitamin B12 intakes lies in that B12 is only found in animal source 
foods such as meat, poultry, seafood and dairy products. As a result, achieving the 
recommended dietary requirement of vitamin B12 through food consumption alone 
as a vegetarian may be challenging. Moreover, adolescence is a period of rapid 
growth and development affecting nutritional and dietary needs. Adolescents are 
also becoming more independent, with increased autonomy on their food choices 
(7). They tend to select less nutritional food choices, which could be influenced by 
their social settings including their peers (7). These social and physiological changes 
can affect the ability to meet adequate nutrient intakes, including vitamin B12.   
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To date, there are limited studies on the intakes of vitamin B12 among 
adolescent females in New Zealand. Therefore, the present study aims to compare 
the dietary intakes of vitamin B12 between vegetarian and non-vegetarian 
adolescent females in New Zealand. In addition, the major food sources of vitamin 
B12 among adolescent females will also be examined between these two distinct 
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2. Literature Review 
2.1 Vitamin B12 in food, absorption and transport  
2.1.1 Chemical structure and properties 
 
Vitamin B12 (B12) is the largest and most complex vitamin with a molecular 
weight of 1355.4 (8). It is also known as cobalamin, as it contains a cobalt ion 
located in a corrin ring (Figure 1) (9-13). The cobalt ion has the ability to change its 
oxidation state, which is crucial for vitamin B12 to act as coenzymes in various 
reactions (12). The structure of corrin ring stabilizes the different oxidation states of 
cobalamin (12).  
 
 





   4
Molecules or ligands, such as cyanide-, methyl-, deoxyadenosyl-, and 
hydroxo- groups bind strongly to the cobalt atom to create less reactive cobalamins, 
namely cyanocobalamin, methylcobalamin (MeCbl), adenosylcobalamin (AdoCbl), 
and hydroxocobalamin, respectively (11, 14, 15). MeCbl and AdoCbl are 
metabolically active derivatives of B12, which can be converted to other forms to 
serve as cofactors, whereas cyanocobalamin is synthetic and chemically stable (9). 
Cyanocobalamin is the form normally used in nutritional supplements (11, 14). 
There are other synthetic analogs of vitamin B12 which include ligands such as 
aqua and nitrite, forming aquacobalamin and nitritocobalamin (15).  
Vitamin B12 is a water-soluble vitamin and is stable to cooking 
temperatures of not more than 210°C (15). Vitamin C (ascorbic acid) can react or 
inactivate vitamin B12 by causing its reduction and degradation (15, 16). 
Nonetheless, the cobalamins with strongly bound ligands such as MeCbl, AdoCbl 
and cyanocobalamin, which are less reactive, are more stable when ascorbic acid is 
present (15). Food processing such as cooking and pasteurization can result in up to 
50% loss of vitamin B12 (17) and light exposure also reduces the stability of 
cobalamins (15, 17). 
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2.1.2 Food sources and bioavailability 
Vitamin B12 is synthesized only by archaea and certain bacteria, which are found in 
high concentrations in the gastrointestinal tract of higher predatory animals (8). 
Major food sources of vitamin B12 are mainly of animal origin, such as meat, fish, 
dairy products and eggs (9, 14, 18-20). There are no naturally occurring bioactive 
forms of vitamin B12 from plant sources (14); only some plant foods such as tea 
leaves, mushrooms, algae and fermented soy products are found to contain trace 
amounts of B12 due to concomitant bacteria in soil or on the aerial surface of 
bacteria . In short, these plant foods containing trace amounts of vitamin B12 are not 
reliable vitamin B12 sources, therefore it is not advisable for individuals to achieve 
their vitamin B12 requirements solely based on these plant foods. On the contrary, 
food products fortified with vitamin B12 and vitamin B12 supplements should be 
consumed among individuals who consume little to nil animal products to prevent 
B12 deficiency. 
Vitamin B12 is bound to two proteins in food – enzymes and carriers (15). 
Thus, its bioavailability relates in part to the following: the release of vitamin 
B12 from protein carriers in food or combination of foods; the individual’s 
gastrointestinal absorption capacity; and other elements, such as systemic 
distribution and deposition (8, 14, 15, 21). Moreover, assessing the level and 
bioavailability of vitamin B12 in foods is complex; for example, the 
microbiological assay can lead to overestimation of vitamin B12 in foods due to 
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As shown in Table 1, the bioavailability of vitamin B12 from meat and 
dairy products ranges from 42–89%. Nonetheless, food processing, such as boiling 
milk, fermentation to make cheese and pasteurization decreases the content of 
vitamin B12. For instance, dairy products such as soft and hard cheeses only contain 
20-60% of vitamin B12 content of milk (8). In contrast, vitamin B12 in eggs, which 
is predominantly in the yolk (22), is generally poorly absorbed compared to other 
animal products, with a bioavailability from 4-9% depending on the preparation 
method (8, 23, 24). Another factor to consider is the amount of vitamin B12 
consumed, as B12 intakes between 1.5-2 μg/day saturate the active transportation of 
B12 across the gut, therefore decreasing the bioavailability of B12 (15).  
Table 1: Bioavailability of vitamin B12 in common foods (8) 
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2.1.3 Absorption, transport and storage 
Vitamin B12 is absorbed into the bloodstream (25), via carrier-mediated active 
transport and passive diffusion (15). Active transport of vitamin B12 is efficient and 
crucial at low doses, specifically 1-2 μg, which appear in the bloodstream within 
three to four hours of intake (15). Gastrointestinal absorption of vitamin B12 occurs 
in the stomach, pancreas, then small intestine; three B12 transport proteins are 
involved, particularly haptocorrin (HC), intrinsic factor (IF) and transcobalamin 















Figure 2: Vitamin B12 absorption (26). Abbreviations: HC, haptocorrin; IF, 
intrinsic factor; TC, transcobalamin. 
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In contrast, the passive diffusion pathway is known as the mass-action 
pharmacologic mechanism, in which IF is not required. This latter pathway is 
significant only when vitamin B12 is ingested in exceptionally large amounts, such 
as supplements, appearing in the blood within minutes (15, 25). This passive 
absorption of vitamin B12 is less efficient than the former pathway, in which 
approximately 1% of the ingested dose will be absorbed (11). Nonetheless, this 
passive mechanism is utilized in the treatment of pernicious anaemia where high 
dose vitamin B12 is prescribed, taken an hour before or after a meal to prevent 
competitive binding of components in food such as vitamins (15). In summary, there 
is a dose-response relationship between vitamin B12 intake and absorption, whereby 
the dose rather than food source has an influence on the percentage of absorption 
(27). 
Given that vitamin B12 from natural sources is bound to protein in food, 
absorption occurs only after being cleaved by hydrochloric acid produced by the 
gastric mucosa (14, 16). The uptake mechanism starts with HC which is found in the 
saliva and the upper gastrointestinal tract. HC has high affinity to vitamin B12 as 
well as other analogues released from food sources, hence they form complexes. 
These complexes are then digested by pancreatic proteases in the duodenum, 
releasing cobalamin into the small intestine in order to bind to IF produced by 
parietal cells in the stomach (10, 11, 28).  
Once in the ileum, the IF-cobalamin complex crosses the intestinal 
membrane to enter the lysosome, where the complex will be broken down. The free 
cobalamin molecules enter the bloodstream; 80% of these are bound to the less 
specific HC which has no functional activity (29), whereas the remainder are bound 
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to the more specific TC (10, 12). The TC-cobalamin complex enters into the 
lysosome of cells. The TC will be digested, whereas the free cobalamin is 
transported to the cytosol. Once cobalamin enters the cytosol, a protein which 
compartmentalizes vitamin B12 within cells known as CblC removes any alkyl or 
cyano group from cobalamin (12). This process prepares cobalamin for methylation 
and adenosylation, to which biologically active compounds MeCbl and AdoCbl will 
be produced in the cytoplasm and mitochondria, respectively (28, 30). 
Approximately 50% of vitamin B12 is transported to body tissues, while the rest is 
stored in the liver and kidney which will be released as required (16, 31, 32). The 
liver may store sufficient vitamin B12 ranging from 2-5mg for 3 to 5 years without 
repletion (16, 29, 33).  
 
2.1.4 Metabolism and function 
 
Vitamin B12 has several functions in the human body, which can be categorized 
into coenzyme and physiological functions. MeCbl acts as a coenzyme for 
methionine synthase to convert homocysteine to methionine (12). Vitamin B12 
works closely with folate as a co-enzyme in biochemical pathways of the one-
carbon metabolism (20, 34); it regulates methionine metabolism which indirectly 
supports the synthesis of deoxyribonucleic acid (DNA) (13, 14, 16, 19, 31). In terms 
of physiological functions, vitamin B12 is key player in the production of red blood 
cells and the maintenance of the nervous system including myelin sheath and 
choline syntheses (11, 15, 17).  
Other possible functions of vitamin B12 include playing a role in fetal 
development as studies have shown that neural tube defect pregnancies 
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demonstrated lower B12 levels compared to normal healthy ones (15). Positive 
associations of serum B12 and bone mineral density has been reported in several 
studies, though most randomized trials found no effects on biomarkers of bone 
turnover after supplementing vitamin B12 and other B vitamins (15). Lastly, vitamin 
B12 might function as an important vitamin in promoting hearing (15).   
Vitamin B12 undergoes enterohepatic circulation and reuptake by the kidney 
where B12 is reabsorbed for metabolic functions (11, 13, 31). This mechanism is 
possibly the reason why most vegans with low tissue stores do not present with 
severe vitamin B12 deficiency (29). 
 
2.2 Dietary Requirements for B12 
2.2.1 Nutrient Reference Values (NRVs) 
In New Zealand and Australia, the estimated average requirement (EAR) and 
recommended dietary intake (RDI) for vitamin B12 differ between life stages but 
not genders. The EAR for adults was determined based on hematological status and 
serum vitamin B12 levels in people with pernicious anaemia or those with 
significantly low vitamin B12 intakes (31, 35). The RDI is then set by assuming 
10% coefficient of variation of the EAR as there is insufficient data to calculate a 









   11
Table 2: The EAR and RDI of vitamin B12 for different life stages in Australia and 
New Zealand (35) 
Life stage Age (years) EAR (μg/day) RDI (μg/day) 
Children 1 to 3  0.7 0.9 
 4 to 8 1.0 1.2 
 9 to 13 1.85 1.8 
Adolescent       14 to 18 2.0 2.4 
Adult         19 to 70 2.0 2.4 
 >70  2.0 2.4 
Pregnancy - 2.2 2.6 




The EAR for infants cannot be determined, and as such, the adequate intake 
(AI) for infants has been set through observation and data extrapolation from 
vitamin B12 intakes of human milk-fed infants; 0.4 μg/day for infants aged 0 to 6 
months and 0.5 μg/day for 7 to 12 month old infants (31, 35). For children and 
adolescents, the EAR was extrapolated from the adult data adjusting for adolescent 
body weight and growth requirements. In short, the EAR is the same for all 
individuals aged 14 and above, with an exception for those who are pregnant or 
lactating requiring higher intakes (35). Although older adults do not require a higher 
EAR, they are at a higher risk of having atrophic gastritis causing reduction in 
stomach acid, thus decreasing the bioavailability of natural vitamin B12 in food for 
them (35). Therefore, they may need to consume larger amounts of vitamin B12-
fortified foods or supplements (35). As for strict vegans, recommendations state that 
supplementation with vitamin B12 is needed (35). 
In contrast, the AI of 4 μg/day for adults set by the EU countries via the 
European Food Safety Authority (EFSA) is double that of the values recommended 
for Australia and New Zealand (37). In the Netherlands, a higher RDA of 2.8 μg/day 
was set due to a higher coefficient of variation (CV) for the requirement used (38). 
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Likewise, Germany, Switzerland and Austria have a higher value (3.0 μg/day) (39) 
compared to the Netherlands, as different assumptions were made regarding the 
losses and requirements (38).  
 An upper limit (UL) does not exist for vitamin B12 due to lack of data, 
particularly dose-response studies (35). There is also no evidence of adverse effects 
associated with excess intake of vitamin B12 (31). Moreover, the ability to decrease 
vitamin B12 absorption with intake also supports the absence of UL (35). 
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2.2.2 Functions and consequences of low intakes 
Adolescents experience growth spurts and thus, there is an increase in demand for 
nutrients, including vitamin B12 (40). This phenomenon is typically reflected in 
lower biomarker of status for B vitamins. For example, vitamin B12 status peaks 
during childhood and significantly decreases throughout adolescence (20, 40).  
The onset of vitamin B12 deficiency is silent, slow and often unrecognized, 
in which the consequences are primarily observed in the blood and nervous system 
(20). Vitamin B12 and folate metabolism are interrelated in the methylation cycle, 
therefore B12 deficiency impairs the activity of folate, and vice versa. For example, 
inadequate vitamin B12 leads to increased homocysteine, resulting in the 
accumulation of methyltetrahydrofolate (12). This chain of consequences results in 
depletion of tetrahydrofolates, which are involved in the synthesis of thymidylate 
and purine (12) and subsequently causes megaloblastic anaemia (12).  
 Low vitamin B12 status or deficiency leads to a number of different 
consequences throughout the lifecycles (20). For example, low B12 status during 
pregnancy has shown to increase the risk of gestational diabetes (41-44) and obesity 
(44). Low vitamin B12 intake among reproductive age women has been associated 
with low endogenous vitamin B12 stores of their offspring (31), leading to poor 
growth and development, megaloblastic anaemia, irritability, feeding difficulties 
and developmental regression (45). Inadequate B12 in infants could also contribute 
to the development of diabetes by altering insulin and lipid metabolism (46). 
In general, the three main consequences of low vitamin B12 intake are 
haematological effects, neurological symptoms such as cognitive decline and 
Alzheimer’s disease, and gastric cancer; only the former complication is reversible 
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with proper treatment (12, 47, 48). Besides that, vitamin B12 deficiency can also 
lead to consequences at the cellular and molecular level. Inadequate vitamin B12 
can impair methylation and metabolism of methylmalonate, which can lead to 
homocysteine accumulation (20). High levels of circulating homocysteine can cause 
cellular stress and apoptosis in addition to increased risk of cardiovascular disease 
(49). Some less common complications of vitamin B12 deficiency include 
malabsorption issues, infertility and thrombosis (50).  
Although haematological signs are traditionally used to detect vitamin B12 
deficiency, neurological signs and neuropsychiatric symptoms in vitamin B12 
deficit individuals can be present without anaemia (51-53). Therefore, instead of 
using anaemia as the sole marker, the preferred biochemical markers that could 
associate to most vitamin B12 deficiency outcomes are serum total B12, 
holotranscobalamin (holoTc) and functional markers methylmalonic acid (MMA) or 
homocysteine (tHcy) (12).  
HoloTc, the functional form of vitamin B12, is not affected by conditions 
that decrease HC, such as pregnancy, HIV infection, and oral contraceptive use (20, 
54). Furthermore, holoTc correlates well with total B12 levels, hence it is an 
advantage for measuring biologically active vitamin B12 in the body (20, 55, 56). 
Thus, these biomarkers are useful in reflecting a broad range of B12 status, from 
severe deficiency to adequacy (56).  
In contrast, metabolites MMA and total tHcy identify subclinical vitamin 
B12 status, and thus, are used as second line tests to diagnose vitamin B12 
deficiency (20, 54, 56). Specifically, these two metabolites indicate low level of 
vitamin B12 within cells by accumulating in B12-deficient individuals (47, 50, 55). 
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Elevated MMA is more specific than tHcy because the latter can be influenced by 
other parameters especially folate or vitamin B6 deficiency, hypothyroidism, and 
renal failure (20, 50, 54, 56, 57). In contrast, the specificity of tHcy is better when 
used in a sample population consuming folate fortified foods (58). Elevated levels 
of both MMA and tHcy provide a sensitivity of  >99% to confirm low vitamin B12 
as compared to a sensitivity of 86% based on elevated MMA alone (54, 59). 
Nevertheless, considerations have to be taken when increased MMA is found 
together with conditions such as dehydration, small bowel bacterial overgrowth, and 
renal failure, which could lead to false positive results (54). 
Due to discrepancies and inconsistencies between the results of existing 
studies done on vitamin B12, there is no consensus regarding the cut-off points for 
diagnosing B12 deficiency (12, 47, 60). For instance, the cut-offs for MMA range 
from 210 to 480 nmol/L (61). An approach using a combination of all four 
indicators to monitor a population’s vitamin B12 status over time has been 
proposed, and though it seems promising, further research and validation are 
required (55, 62). 
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2.3 Dietary B12 intakes among female adolescents 
2.3.1 Prevalence of inadequate intakes among female adolescents  
 
Vitamin B12 deficiency can affect individuals at any life stage, but it is generally 
most prevalent among older adults aged over 65 years, vegetarians and vegans, 
infants, children, adolescents, women of reproductive age, groups with 
malabsorption, gastrointestinal manifestations or autoimmune conditions, and those 
on medications that are likely to interfere nutrient absorption, for instance nitrous 
oxide, metformin and proton pump inhibitor (20, 50, 57). Besides, the adoption of 
certain dietary patterns for reasons such as body image and weight control 
especially among female adolescents could put them at risk of inadequate nutrient 
intake (63). 
In Western countries such as the United Kingdom (UK) and United States 
(US), the prevalence of vitamin B12 deficiency is around 6% and 20% for those 
aged less than 60 and those 60 years and above respectively (26). In New Zealand, 
the 2008/09 New Zealand Adult Nutrition Survey (NZANS) found that 7.9% 
adolescent females (15-18 years old) had inadequate vitamin B12 intake, and the 
mean usual intake of this age group was 3.7 μg/day (64). The NZANS reported that 
there was no change in vitamin B12 intake since 1997 (64). It was found that milk 
was the single largest source of vitamin B12 in all age groups. For adolescent 
females, the second largest source of vitamin B12 came from bread-based dishes, 
followed by beef and veal, poultry, non-alcoholic beverages, grains and pasta, dairy 
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The prevalence of vitamin B12 inadequacy among adolescent females in 
other countries are presented in Table 3. In summary, the majority of studies 
indicate that large proportion of adolescent females are achieving the EAR for 
vitamin B12 (65-70), although some studies have shown that intakes are lower 
among vegetarians in comparison to non-vegetarians, with a higher risk of 
inadequacy (71-73). Milk was ranked as a major food source of vitamin B12 in most 
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1Only data on adolescent females were reported in this table unless otherwise specified 
2Intake/inadequacy of vitamin B12 unless otherwise specified 
3Not determined in the study 
4Prevalence of adequacy = percentage of population above 80% RDI; RDI = 2.0 μg/day 
Authors and 
Year 
Location Demographic and 
age of participants 
Type of assessment 
tools used 
Results2 Major source of 
B12 intake 
Gallagher et al. 
2014 (75) 
Australia 17 years, pregnant  Food frequency 
questionnaire (FFQ) 
84% supplement non-users met the EAR   





Sweden 16-20 years Diet history 
interview  
Mean intake of 0.0 μg/day (vegans) and 5.0 
μg/day (omnivores) vs average requirement 
of 1.4 μg/day. Omnivores had adequate 
serum B12 concentration; 6.6% of vegans 
had inadequacy 
ND3 
Steluti et al. 
2011 (66) 
Brazil  16-19 years  Non-consecutive 3-
day dietary record 
Geometric mean of 4.3 μg/day. Overall 
(males and females), <1% had inadequate 
intake  
Lean beef (16%), 
whole milk (15%), 
fatty beef (12%) 
Baker et al. 
2009 (69) 
UK  14-18 years, 
pregnant  
Non-consecutive 3-
day dietary record 
Median intake including supplements (4.31 
μg/day) exceeded the UK RNI (2.0 μg/day)  
ND3 
Bergström et al 
1993 (65) 
Sweden  2 age groups (14 
and 17 years) 
7-day dietary survey Study reported requirement was well met, 
with a mean intake of 5.5 μg/day  
ND3 
Partearroyo  et 
al. 2017 (67) 
Spain  13-17 years 3-day food diary via 
tablet device 
Median intake and prevalence of adequacy4 
for total adolescents (male and female) 
were 3.9 μg/day and 94.8%  
Milk and dairy 
products (33.4%), 
meat and meat 
products (27.1%). 
Moore et al. 
2012 (76) 
US  14-18 years  3-day diet record Geometric mean of 3.2 μg/day; 84.4% met 
the EAR (2.0 μg/day) 
ND3 
Singh et al. 
2017 (68) 




hour dietary recall  
9% had intakes below EAR (2.2 μg/day)  ND3 
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Table 3: Vitamin B12 intake and/or status among adolescent females from other countries1 (continued) 
Authors and 
Year 
Location Demographic and 
age of participants 
Type of assessment 
tools used 
Results2 Major source of 
B12 intake 
Htet et al. 
2015 (77) 
Myanmar  13-19 years  
 
Non-consecutive 3-
day dietary record 
and FFQ 
36.7% had intakes below the EAR (2.0 
μg/day); 94.6% had normal serum B12 
ND3 
Iglesia et al, 
2017 (70) 
Europe   12.5-17.5 years Two non-consecutive 
24-hour recalls 
Mean intake of 4.6 μg/day; 6% had 
inadequate intake  
Meat, fish, white and 
butter milk, dairy 
products, vegetable 
oils 
Chandyo et al, 
2016 (74) 
Nepal 13-20 years 24-hour recall and  
FFQ 
Median intake of 0.25 μg/day; 84% below 
EAR (2 μg/day) 
Buffalo meat (58%), 
buffalo milk (23%),       
egg (8%)5 
Perry et al, 
2002 (73) 
US 11-18 years 149-item Youth and 
Adolescent FFQ 
Mean intake among male and female 
vegetarians (6.3 μg/day) vs non-
vegetarians (7.2 μg/day) 
ND3 
Segovia-
Siapco et al, 
2019 (72) 
US 12-18 years Self-administered 
FFQ 
Mean intake among male and female 
vegetarians (5.85 μg/day) vs non-
vegetarians (5.69 μg/day) 
ND3 
Chakraborty S 
et al, 2018 
(78) 
India 11-17 years Two 24-hour dietary 
recall 
Median intake of 0.7 μg/day among 
adolescent males and females. 15.6% did 
not meet RDA (1.0 μg/day). 
ND3 
1Only data on adolescent females were reported in this table unless otherwise specified 
2Intake/inadequacy of vitamin B12 unless otherwise specified 
3Not determined in the study 
4Prevalence of adequacy = percentage of population above 80% RDI; RDI = 2.0 μg/day 
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2.3.2 Changing dietary patterns affecting vitamin B12 intakes 
Vegetarianism is growing in popularity around the world. It was found that the trend 
towards adopting a plant-based diet is growing with one in three New Zealanders 
reducing or eliminating meat consumption in 2019 (2), in comparison to one in ten 
New Zealanders mostly or always ‘going meat free’ in 2018 (4). The 2019 report 
also noted that New Zealanders who define themselves as flexitarian has grown by 
18% over the past year, and more than 40% of vegans and vegetarians are 
millennials (2). Across all generations, health was the main reason for reducing 
meat intake, closely followed by the environment and animal welfare. (2). A 
research poll carried out among New Zealanders in 2016 indicated that 
vegetarianism was most common among those below 34 years, in which 13.3% 
were always or mostly vegetarian among the 14 - 24 age group (79). Although these 
commercial surveys or polls are useful in monitoring dietary trends over time, the 
objective and methodology of these surveys  should be considered including: the 
target population, questionnaire design, selection bias, and the type of wording or 
style of questions used (80). 
In Australia, a slow but steady rise of vegetarianism has also been shown, 
where it was estimated that around 2.5 million people (12.1% of the population) in 
2018 were consuming full, or mostly full, vegetarian diets, as compared to 2.2 
million people in 2014 (5). Other countries such as US, Canada, Germany and the 
UK have also shown to have an increasing number of people identifying as vegans 
(3). Similar to New Zealand, a Canadian survey also reported an upward trend and 
adherence to the ‘vegetarian-style’ dietary pattern in females (primarily Caucasian) 
from childhood through adolescence into young adulthood (81). 
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2.3.3 Decline in milk intake 
A review paper in 2014 investigated the trend of milk intake by looking into studies 
following the same group of children longitudinally in countries such as the US, 
Germany and France. It was found that the proportion of children and adolescents 
meeting national dairy product intake recommendations appear to decrease with age 
through middle childhood and early adolescence (82). Similarly, data extracted from 
the Canadian Dairy Information Centre as shown in Figure 3 displays the declining 
trend in milk consumption in developed countries.  
In 2016, Nielsen Consumer Insights reported that a sales growth of 250% for 
almond milk in the US over the past five years, whereas the total milk market 
shrunk by more than $1 billion (83). According to Euromonitor, worldwide sales of 
non-dairy milk more than doubled between 2009 and 2015, reaching $21 billion. 
Furthermore, the consumption of cow’s milk has dropped 13% in the USA between 
2010 to 2015 (84). Other sources have also shown similar trends in which the sales 
of plant-based milks in the USA have increased, and the sales of cow’s milk have 
dropped (85, 86).  
As milk is shown as the major source of vitamin B12 in the New Zealand 
diet, thus the decline in milk consumption could affect vitamin B12 intakes among 
the general population. This reinforces the objectives of carrying out the present 
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Vitamin B12 has numerous roles in the human body and hence it is crucial to ensure 
population groups are meeting their dietary requirements. In view of the increasing 
popularity of plant-based diets, consumption of foods rich in vitamin B12 such as 
animal products are often eliminated among individuals who adopt this alternative 
dietary pattern. As a result, vitamin B12 deficiency could develop over time and 
subsequently lead to severe consequences. While proper planning of vegetarian or 
vegan diets is feasible to achieve all nutrient requirements, evidence to date 
demonstrates that adolescent females consuming mostly plant-based diets are at risk 
of inadequate intakes of vitamin B12. However, recent data regarding vitamin B12 
intakes among adolescent females in New Zealand are scarce. More research is 
required to not only investigate the risk of inadequate vitamin B12 intakes but to 
also gain a better understanding of the dietary patterns of adolescent females to 
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3. Objective Statement 
 
Little is known about vitamin B12 intake among New Zealand adolescent females. 
Moreover, the increasing adoption of plant-based diets that limit or avoid animal 
products increases the risk of inadequate vitamin B12 intake and highlights the 
importance of assessing nutritional intake. The results of the study will contribute 
much needed data to inform public health recommendations and policies in at-risk 
population groups. Therefore, the overall aim of the thesis is to evaluate the vitamin 
B12 intakes among a group of adolescent females aged 15-18 years. Specific 
objectives are as follows: 
 To describe and assess the adequacy of dietary intakes of vitamin B12 
among vegetarian and non-vegetarian adolescent females.  
 To explore the major food sources of vitamin B12 among vegetarian and 
non-vegetarian adolescent females. 
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4. Methods 
4.1 Study Design 
This present study is part of a larger, cross-sectional, nationwide survey named 
Survey of Nutrition, Dietary Assessment and Lifestyle (SuNDiAL) project. The 
overall aim of SuNDiAL is to compare the nutritional status, dietary habits, health 
status, and attitudes and motivations for food choice of vegetarian and non-
vegetarian adolescent women. The purpose of this study is to use the results to 
inform future research as well as public health policies about appropriate plant-
based eating patterns including the intake of nutrients such as vitamin B12. Data 
collection began in 2019; Phase One from February to April 2019 and Phase Two 
from July to September 2019. For the purpose of this thesis, only data relevant to 
vitamin B12 intake will be discussed.  
This study was approved by the University of Otago Human Ethics 
Committee (Health): H19/004 (Appendix A); and is registered with the Australian 
New Zealand Clinical Trials Registry: ACTRN12619000290190. It was conducted 
in full conformity with the current revision of the Declaration of Helsinki, or with 
the International Conference for Harmonization Good Clinical Practice (ICH-GCP) 
regulations and guidelines, whichever affords the greater protection to the 
participant, as well as the laws and regulations of New Zealand.  
4.2 Study setting 
Eligible participants were recruited from 13 high schools across New Zealand, along 
with targeted recruitment for vegetarian participants in Dunedin. The locations of 
schools involved in Phase One were: Christchurch, Dunedin, Nelson, New 
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Plymouth, Tauranga, Wellington, and Whangarei; and Phase Two were: Dunedin, 
Wanaka, Kapiti/Wellington and Whangarei. 
4.2.1 Selection of high schools  
Co-ed high schools with a roll number less than 400, and all-girls high schools with 
a roll number less than 200 were excluded. A range of deciles were sampled to 
ensure an appropriate representation of socio-economic groups. In total, 106 schools 
were eligible to participate based on the selection criteria. Invitation for these 
schools to participate in the study was limited only by location (based on where the 
data collectors were situated in). For each location, up to three schools were sent 
invitations via email. Within two weeks, a second email and a follow-up phone call 
were organized for schools who did not respond to the email. When the targeted 
number of schools to enrol in the study was not achieved, word of mouth was used 
to recruit schools in the data collection area. A total of eight schools participated in 
Phase One, and five participated in the Phase Two. Figure 4 displays the flow of 
school recruitment. 
At present, due to low number of vegetarians recruited in Phase One, 
targeted recruitment of vegetarian and vegan participants was carried out in Dunedin 







Figure 4: Flowchart of school recruitment   
106 eligible schools 
29 schools were selected and invited 20 schools selected as back-up  
13 schools consented to participate 
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4.3 Study Participants 
Participants were eligible for the study if they were female and between the age of 
15 to 18 years. Participants were required to understand and speak English to 
complete the required online questionnaires. Respondents were ineligible if they 
were pregnant at the time of the study. Prior to study enrolment, an information 
session was held at the participating high school. Electronic information was also 
provided to the point of contact of schools to be circulated around, such as school 
Facebook pages, newsletters, and notices. Interested participants were provided with 
information sheet (Appendix B) and online consent forms. As for targeted 
recruitment, individuals with interest in joining the study were directed to the study 
website to sign up and provide consent. Respondents who were eligible to 
participate in the study were then contacted by data collectors via email to schedule 
the first session of data collection.  
4.4 Study procedures 
Once consented, participants were assigned ID numbers and given a link to a 
REDCap questionnaire. Questionnaires were administered online and included 
demographic, vegetarianism and health questions, dietary habits, attitudes and 
motivations to food choice, as well as weight-loss intentions and methods. Ethnicity 
was collected using the NZ Census 2006 ethnicity question, where ethnicity was 
output to eight groups: New Zealand European, Māori, Samoan, Cook Island Māori, 
Tongan, Niuean, Chinese, Indian, and others (such as Dutch, Japanese, Tokelauan). 
Ethnicities were then prioritized and categorized as follow for data analysis: NZEO 
(New Zealand European and others), Māori, Pacific, and Asian. Participants were 
assigned to the NZDep categories of low, medium and high, based on their 
addresses, where possible. The dietary habits questionnaire included questions on 
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supplement use as well as the type, frequency and brand of supplement taken within 
the last 12 months, and dietary intake based on food groups such as frequency of 
consumption and the types of food within groups (such as type of milk and meat) 
were included in the dietary habits questionnaire. 
4.4.1 Dietary intake assessment 
Dietary intake data were collected using two 24-hour dietary recalls. Standardized 
recording sheets were used for all participants (Appendix C). The first recall was 
interviewer administrated face-to-face, and the second recall was conducted either 
by video or phone call. The administration of a second 24-hour recall allowed the 
estimation of ‘usual intake’ by using the Multiple Source Method (MSM) 
programme to adjust for the within-person variation in intakes. During each recall, 
participants were asked to state everything they consumed from midnight to 
midnight the previous day. Each recall was split into three stages; quick list (to 
record all foods and beverages consumed during the preceding day); detailed list 
(descriptions and details of all items consumed were noted); and lastly checking for 
any further additions where all items were reviewed. Details such as leftovers and 
second helpings were also captured. Once completing the recall, the participants 
were asked if any salt was added to their food before eating or during cooking, and 
whether the salt was iodized. Tips and prompting questions were used to obtain the 
utmost accurate data from participants (Appendix D). During the first recall 
interview, quantities of food and drinks were estimated using a standardized set of 
household measures (such as measuring cups and spoons), food models (wooden 
balls with different diameters, shape dimensions, food portion assessment aids such 
as dried beans) and photographs of different amounts and portion sizes. The 
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Countdown Online Shopping website (developed by Countdown supermarket) was 
also frequently used if participants had difficulty recalling or identifying products.  
 
The dietary recalls were administered on different days of the week, with the 
aim to capture the variation in dietary intake between days, including weekend days. 
Appointment times were discussed with participants to ensure their availability to 
attend the interview for the dietary recalls. The participants were also given text or 
email reminders. Dietary intake records were entered into FoodWorks 9 (Xyris 
Software Australia Pty Ltd) to obtain the estimated intake of energy, macronutrients 
and micronutrients of each participant. FoodWorks uses the most up-to-date and 
comprehensive food composition tables for New Zealand (FOODfiles 2014 (The 
New Zealand Institute for Plant & Food Research Limited)) which was enhanced by 
the inclusion of NZANS0809 recipe calculated foods. A codebook comprising of 
standard cooking methods and estimation of food weights was provided to data 
collectors to be used when participants had minimal knowledge or were unable to 
provide food preparation details. The codebook also provided a substitution list for 
less common food items not found in FoodWorks. When none of the options in 
FoodWorks were suitable as substitutions for meals or manufactured food products, 
recipes were formulated to closely match the macronutrient content of the end 
products. Moisture retention factors of ingredients or food items after cooking, as 
well as densities of individual food items or recipes were used. These two factors 
were crucial for the accuracy of nutrient analysis as different cooking methods, and 
forms or shapes of food ingredients could affect the densities of food products and 
also the amount of moisture retained in foods.  
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All food items reported by participants were assigned to 33 food group 
categories (Appendix E). This categorization was done to calculate sources of 
nutrients by the ‘food type’. As for mixed dishes, individual ingredients were 
assigned to their separate food groups if recipes or detailed descriptions were 
provided by the participant; generic recipes that closely matched the food 
description were used if recipe or detailed description was not provided. The total 
amounts of vitamin B12 intake from each food group were calculated for each 
participant. From this, the proportion of total B12 intake from each food group was 
calculated together with the mean and 95% CI of these proportions. Stata 15.1 
(StataCorp, Texas) and Microsoft Excel were used for these calculations. The top 
twenty major food groups contributing to vitamin B12 intakes were reported.  
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4.4.2 Anthropometry 
Height, weight and ulna length were taken using standardized protocols based on 
published versions (Appendix F). Participants were asked to remove any heavy 
outer clothing and shoes, as well as any hair ornaments or buns and braids on the top 
of the head prior to taking measurements. Ulna length was measured on each 
participant’s non-dominant side. Height, weight and ulna length of participants were 
measured in duplicate, with a third measurement taken if the first two measures 
differed by greater than 0.5 units, with metric units of kg for weight, and cm for 
height and ulna length. Weight was measured using calibrated electronic weighing 
scales (Medisana PS420; Salter 9037 BK3R; Seca Alpha 770; or Soehnle Style 
Sense Comfort 400B) and height was taken with stadiometers (Seca 213; and 
Wedderburn). 
To demonstrate consistency between data collectors in the measurement of 
anthropometric measures in the SuNDiAL study, an inter-rater reliability study was 
carried out prior to the study. Twenty-seven of the 30 data collectors took part in 
this assessment. Twelve adolescent females (convenience sample) between the ages 
of 15 and 18 gave consent to have their height, weight, and ulna length measured. 
Each data collector measured four sample participants twice. These repeats were not 
successive and measurements were not to be read out loud. Inter-rater reliability was 
assessed using mixed effects intra-class correlation coefficients (ICC). The ICC for 
weight was 1.00; the ICC for height was 0.92; and the ICC for ulna length was 0.86. 
All ICC indicated excellent agreement between data collectors. Of note, variation in 
measures for height were greatest when measuring the tallest girls, suggesting that 
more care may be needed when measuring taller girls. In response to this, a step 
stool was provided to all data collectors and instructions to use safely when needed. 
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The World Health Organization growth reference for school-aged children and 
adolescents (5-19 years) was used to define the weight status of the participants. The 
interpretation of cut-offs for BMI-for-age z-scores are (88): 
 Obesity: >+2SD  
 Overweight: >+1SD  
 Thinness: <-2SD  
 Severe thinness: <-3SD   
 
4.4.3 Other data collection 
Physical activity was collected using on Actigraph GT3x+ accelerometer (strapped 
onto an elasticated belt) worn by participants above their right hip continuously, for 
24 hours across seven days. They were informed to complete a sleep and wear time 
diary over the time which the accelerometer was worn, including the times on bed, 
and any time for which the accelerometer was removed for more than five minutes.  
Blood samples were also collected by a trained phlebotomist/research nurse in 
addition, to urine samples for iodine analysis. The collected blood samples from 
consented participants were then used to perform complete blood count, as well as 
select micronutrient analysis (including vitamin B12) and inflammatory markers. 
The above data were collected but not used for the purpose of this thesis. 
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4.5 Statistical Analyses 
A sample size of 300 high school students enrolled from 14 high schools was 
estimated to provide 80% power to the α=0.05 level to detect a 0.5 standard 
deviation difference (a “moderate” difference) in continuous outcome variables 
between vegetarians and non-vegetarians, assuming a prevalence of vegetarianism 
of 20%. 
Statistical analyses were carried out using Stata (StataCorp. 2017. Stata 
Statistical Software: Release 15. College Station, TX: StataCorp LLC) and 
Microsoft Excel. School clusters were considered in all analyses using appropriate 
methodology. For example, using the survey command, the sandwich estimator, or 
as a random effect. Dietary intake data was adjusted for ‘usual intake’ using the 
MSM program (89). Participants with two dietary recall data were used to estimate 
the day-to-day variation and this information was applied to the whole dataset to 
give an adjusted estimate of usual intake for each participant. All data management 
and statistical analysis were overseen by the study biostatistician, Dr Jill Haszard. 
Summary data of vitamin B12 intakes and estimates of mean percent 
differences (95% confidence intervals) between vegetarians and non-vegetarians 
adolescent females, and by socio-demographic subgroups such as ethnicity and 
anthropometric measurements were calculated using Microsoft Excel. The EAR cut-
point method was used to tabulate the prevalence of inadequate vitamin B12 intakes 
by vegetarian and non-vegetarian subgroups.  
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5. Results 
Two hundred and eighty adolescent females took part in the overall study; 277 
completed the enrolment (demographic and health) questionnaire; 251 provided at 
least one 24-hour dietary recall (of which 217 provided a second dietary recall); and 
247 had anthropometry measurements taken (Figure 5). The socio-demographic 
characteristics of these participants are shown in Table 4, The average age of 
participants was 16.8 years, with approximately two-thirds in the 17-18 year old age 
group. The majority of participants were NZEO and were living in low to moderate 
deprived areas. Lastly, two-thirds of participants had a healthy body mass index 
(BMI). 
Thirty-six (13%) of participants reported being a vegetarian, with 10 of these 
participants identifying as a vegan. Moreover, around half the group of vegetarians 
and vegans had been consuming a vegetarian or vegan diet for more than two years. 
While the mean age for both vegetarians and non-vegetarian subgroups appeared 
similar (17.1 years and 16.8 years, respectively), a higher proportion of vegetarians 
were categorised in the older age group of 17-18 years (75% vegetarians and 60% 
non-vegetarians). In contrast, the distribution of participants according to ethnicity, 
BMI category and level of deprivation were comparable -between the two 
subgroups. Figure 6 summarizes the percentage of participants who completed the 























n=248 completed demographics and health questionnaire 
n=251 completed one 24-hour dietary recall 
n=213 completed two 24-hour dietary recalls 
n=248 provided anthropometric data 
n=248 completed dietary habits questionnaire 
 
n=263 responded n=220 responded n=12 responded 
8 schools recruited: 
Participants 
      n=1882 eligible 
5 schools recruited: 
Participants 
       n=2054 eligible 
   
  Targeted recruitment: 
 
Phase 1 
Feb – April 2019 
Phase 2 
July – Sept 2019 
n=87 did not complete consent 
n=22 no parental consent 
n=9 did not complete enrolment 
 
n=71 did not complete consent 
n=17 no parental consent 
n=2 did not complete enrolment 
 
n=5 did not complete consent 
n=0 no parental consent 
n=0 did not complete enrolment 
 
n=282 consented and enrolled to participate 
n=1 withdrew 
n=7 dropped out 
n=274 analysed 
n=26 did not complete demographics and health questionnaire 
n=23 did not provide any diet recall data  
n=26 did not provide anthropometric data 
n=26 did not complete dietary habits questionnaire 
 
Figure 5: Flow diagram describing data collection and recruitment of participants 
 
   35
 
Figure 6:The proportion of first and second dietary recalls conducted on different 




Table 4: Socio-demographic characteristics of adolescent female participants by 
vegetarian and non-vegetarian status 
Variable Total 





Age, years2  16.8 (0.8) 17.1 (0.8) 16.8 (0.9) 
Age category    
15-16 years 107 (38.4)   9 (25.0)   98 (40.3) 
17-18 years 172 (61.6) 27 (75.0) 145 (59.7) 
BMI category    
Healthy 163 (66.0) 24 (77.4) 139 (64.4) 
Overweight   58 (23.5)  5 (16.1)   53 (24.5) 
Obese   26 (10.5)      2 (6.5)   24 (11.1) 
Ethnicity    
NZEO 220 (79.1) 27 (75.0) 193 (79.8) 
Māori   43 (15.5)   9 (25.0)   34 (14.0) 
Pacific   6 (2.2)       0 (0)   6 (2.5) 
Asian   9 (3.2)       0 (0)   9 (3.7) 
NZDep category3    
Low 102 (36.7) 14 (38.9)   88 (36.5) 
Moderate 127 (45.7) 17 (47.2) 110 (45.5) 
High   49 (17.6)  5 (13.9)   44 (18.0) 
Abbreviations: BMI, body mass index; NZEO, New Zealand Europeans and Others 
1Values are n (%) unless specified. The total number of participants differs for each variable.  
2Values are mean age (SD). 
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A comparison of usual vitamin B12 intakes between vegetarians and non-
vegetarians is presented in Table 6. The prevalence of vitamin B12 inadequacy in 
vegetarian and non-vegetarian participants was 74% and 14%, respectively. When 
energy intakes of all participants were assessed according to level of deprivation, 
those living in the high deprivation area exhibited approximately 500 kJ (120 kcal) 
less energy in comparison to those living in the low deprivation area. In general, the 
mean vitamin B12 intakes among vegetarians were below the EAR (2.0 μg/day), 
except for the obese category, albeit the sample size was small with only two 
participants being classified in this category. It should be noted that the dietary 
recalls of one of these two vegetarians revealed significant consumption of animal 
products (processed meat, red meat, fish), leading to an average vitamin B12 intake 
of 3.1 μg/day.
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Table 5: Energy intake, vitamin B12 intake, and prevalence of B12 inadequacy among 
adolescent female participants, by age category, ethnicity, z-BMI and NZ Deprivation 
category1 
1Values are mean (SD) unless specified. Total number of participants for each variable differs  
2Usual intake adjusted using the MSM. 
3Compared to EAR (2.0 μg/day). Percentage was calculated over the total number of participants within each variable. 

















All 251 (100) 8074 (1780) 2.6 (0.9) 53 (21.1) 
Age category, years     
    15-16   98 (39.2) 8291 (1658) 2.7 (1.0)         20 (8.0) 
    17-18 152 (60.8) 7943 (1780) 2.6 (0.8) 33 (13.2) 
Ethnicity     
    NZEO 195 (78.3) 8161 (1780) 2.6 (0.9) 38 (15.3) 
    Māori  39 (15.7) 7646 (1489) 2.6 (1.2)        13 (5.2) 
    Pacific  6 (2.4) 9485 (1348) 3.2 (0.9)          1 (0.4) 
    Asian  9 (3.6) 7488 (1604) 2.5 (0.7)          0 (0) 
BMI category     
    Healthy 163 (66.0) 8082 (1780) 2.6 (0.9) 35 (14.2) 
    Overweight   58 (23.5) 7748 (1729) 2.6 (0.9)         12 (4.9) 
    Obese   26 (10.5) 8022 (1427) 2.7 (0.8)           5 (2.0) 
NZDep4     
    Low  92 (36.8) 8253 (1870) 2.7 (1.0)         18 (7.2) 
    Moderate 115 (46.0) 8074 (1732) 2.5 (0.8)  27 (10.8) 
    High  43 (17.2) 7723 (1703) 2.8 (1.0)  8 (3.2) 
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Table 6: Energy and vitamin B12 intake of vegetarian and non-vegetarian female participants1 
 Vegetarians  Non-vegetarians 
n (%) Mean (SD) Median (IQR) Prevalence of 
inadequacy 
n (%)3 





31 (100) 7677 (1518) NP5 NA6 219 (100) 8137 (1812) NP5 NA6 
Vitamin B12 
(μg/day)2 
31 (100) 1.4 (1.0) 1.2 (0.6, 2.0) 23 (74.2) 219 (100) 2.8 (0.7) 2.7 (2.3, 3.2) 30 (13.7) 
    Age category 
15-16 years 
 
   9 (29.0) 
 
   1.4 (1.4) 
 
   0.8 (0.4, 1.8) 
 
       7 (22.6) 
 
  89 (40.6) 
 
   2.8 (0.9)  
 
  2.8 (2.2, 3.3) 
 
      13 (5.9) 
17-18 years 22 (71.0) 1.4 (0.9) 1.2 (0.7, 2.0) 16 (51.6) 130 (59.4) 2.7 (0.7) 2.7 (2.3, 3.1) 17 (7.8) 
    Ethnicity         
NZEO 24 (77.4) 1.4 (1.1) 1.2 (0.4, 2.1) 17 (54.8) 171 (78.4) 2.8 (0.7) 2.8 (2.3, 3.2) 21 (9.6) 
Māori   7 (22.6) 1.4 (1.1) 1.1 (0.8, 1.5)   6 (19.4)   32 (14.7) 2.8 (1.1) 2.6 (2.1, 3.2)   7 (3.2) 
Pacific    0 (0) - - -   6 (2.8) 3.2 (0.9) 3.3 (2.6, 3.7)   1 (0.5) 
Asian    0 (0) - - -   9 (4.1) 2.5 (0.7) 2.2 (2.2, 2.5)         0 (0) 
     z-BMI         
  Healthy 24 (77.4) 1.4 (1.1) 1.1 (0.4, 1.9) 19 (61.3) 139 (64.4) 2.8 (0.7) 2.7 (2.3, 3.2) 16 (7.4) 
Overweight  5 (16.1) 1.4 (0.8) 0.9 (0.9, 2.2)  3 (9.7)   53 (24.5) 2.7 (0.9) 2.6 (2.1, 3.0)    9 (4.2) 
Obese    2 (6.5) 2.2 (1.4) 2.2 (1.7, 2.6)  1 (3.2)   24 (11.1) 2.8 (0.8) 2.8 (2.2, 3.3)   4 (1.9) 
     NZDep4               
         Low 12 (38.7) 1.0 (0.8) 0.9 (0.5, 1.2) 10 (32.3)   80 (36.5) 2.9 (0.7) 2.9 (2.4, 3.4)   8 (3.7) 
      Moderate 15 (48.4) 1.6 (1.2) 1.7 (0.6, 2.1) 11 (35.5) 100 (45.7) 2.6 (0.6) 2.6 (2.2, 3.0) 16 (7.3) 
         High  4 (12.9) 1.8 (1.1) 1.7 (1.1, 2.3) 3 (9.7)  39 (17.8) 2.9 (1.0) 2.8 (2.2, 3.5)    6 (2.7) 
1Total number of participants differs for each variable. 
2Usual daily intake adjusted using the MSM. 
3Compared to EAR (2.0 μg/day) (35). Percentage was calculated over the respective total number of participants within each variable. 
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Vegetarians had a lower mean vitamin B12 intake by 1.4 μg/day when compared 
to non-vegetarians (Table 7), albeit the sample size was small, therefore caution should 
be used in interpretation. No significant difference was found within subgroups among 
vegetarians, although vegetarians living in low deprivation area had a lower mean intake 
of 0.7 μg/day (95% CI of -1.3 to 0.01) when compared to those in moderate and high 
deprivation areas. Similarly, among non-vegetarians, no significant difference was 
observed apart from the NZ Deprivation subgroup, whereby non-vegetarians living in 
low deprivation area had a significantly higher mean vitamin B12 intake by 0.3 μg/day in 
comparison with non-vegetarians in moderate deprivation area. 
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Table 7: Mean differences and 95% CI of vitamin B12 intakes 
Group Mean difference3 (95% CI) 
All1  
    Vegetarians vs non-vegetarians -1.4 (-1.7, -1.0) 
Vegetarians2  
    15-16 years vs 17-18 years -0.03 (-1.0, 1.0) 
    NZEO vs Māori 0.1 (-0.8, 1.0) 
    Healthy vs overweight and obese -0.2 (-1.0, 0.6) 
    Low NZDep vs moderate and high NZDep 
        Low NZDep vs moderate NZDep 
        Low NZDep vs high NZDep 
        Moderate NZDep vs high NZDep 
-0.7 (-1.3, 0.01) 
-0.6 (-1.4, 0.1)  
-0.8 (-1.9, 0.4) 
-0.1 (-1.3, 1.1) 
Non-vegetarians2  
    15-16 years vs 17-18 years 0.1 (-0.1, 0.3) 
    NZEO vs Māori -0.03 (-0.4, 0.4) 
    NZEO vs Pacific -0.4 (-1.1, 0.3) 
    NZEO vs Asian 0.3 (-0.2, 0.8) 
    Healthy vs overweight and obese 0.1 (-0.2, 0.3) 
    Low NZDep vs moderate and high NZDep 
        Low NZDep vs mod NZDep 
        Low NZDep vs high NZDep 
        Mod NZDep vs high NZDep 
0.2 (-0.02, 0.4) 
0.3 (0.1, 0.5) 
0.03 (-0.3, 0.4) 
-0.3 (-0.6, 0.1) 
1Difference between groups (vegetarians and non-vegetarians) 
2Difference within groups 
3Mean differences of vitamin B12 intake presented in μg/day 
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Table 8: Major contributing food groups of vitamin B12 among adolescent females 
1Mean percentage of B12 from food group
Vegetarians   Non-vegetarians   




n (%)   




 n (%)    
Savoury sauces and condiments 17.5 (6.0-29.0) 14 (45.2) Milk  11.8 (9.8-13.9) 138 (63.0) 
Milk  15.5 (5.4-25.6) 14 (45.2) Beef and veal  9.3 (6.8-11.8)   57 (26.0) 
Cheese 8.6 (2.4-14.7) 12 (38.7) Poultry  7.9 (6.2-9.7) 116 (53.0) 
Cakes and muffins 8.0 (0.8-15.2) 12 (38.7) Cheese  7.6 (5.9-9.2) 109 (49.8) 
Grains and pasta 7.4 (0.5-14.3)   7 (22.6) Eggs and egg dishes  7.5 (5.4-9.5)   59 (26.9) 
Bread-based dishes 6.8 (0.7-13.0)   5 (16.1) Grains and pasta  7.4 (5.3-9.5)   78 (35.6) 
Sugar/sweets 6.7 (-1.3-14.6)   5 (16.1) Bread-based dishes  7.2 (5.1-9.4)   62 (28.3) 
Fish/seafood 5.7 (-1.9-13.3)   3 (9.7) Fish/seafood  5.7 (3.6-7.8)   39 (17.8) 
Dairy products 4.1 (1.1-7.1)   9 (29.0) Sausages and processed meats  4.2 (2.7-5.8)   47 (21.5) 
Soups and stocks 3.3 (-3.0-9.6)   2 (6.5) Dairy products  4.0 (3.0-5.0)   89 (40.6) 
Vegetables 3.2 (-0.03-6.5) 12 (38.7) Non-alcoholic beverage  3.7 (2.0-5.4)   41 (18.7) 
Eggs and egg dishes 2.9 (-1.4-7.1)   2 (6.5) Savoury sauces and condiments  3.5 (2.2-4.8) 105 (47.9) 
Supplements providing energy 1.6 (-1.1-4.3)   2 (6.5) Lamb/mutton  3.0 (1.4-4.6)   18 (8.2) 
Non-alcoholic beverage 1.3 (-0.6-3.2)   4 (12.9) Pies and pastries  2.8 (1.7-4.0)   34 (15.5) 
Potatoes, kumara and taro 1.2 (-0.3-2.7)   5 (16.1) Pork  2.7 (1.8-3.6)   72 (32.9) 
Nuts and seeds 0.8 (-0.02-1.5)   4 (12.9) Supplements providing energy  2.6 (2.0-5.4)   22 (10.0) 
Sausages and processed meats 0.5 (-0.3-1.2)   2 (6.5) Cakes and muffins  2.5 (1.7-3.2)   75 (34.2) 
Butter and margarine 0.4 (0.01-0.8)   7 (22.6) Snacks sweets  0.8 (0.3-1.2)   53 (24.2) 
Beef and veal 0.3 (-0.3-0.9)   1 (3.2) Butter and margarine  0.7 (0.5-0.9)   66 (30.1) 
Poultry 0.3 (-0.3-0.8)   1 (3.2) Sugar/sweets  0.5 (0.3-0.8)   46 (21.0) 
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Major contributing sources of vitamin B12 based on food groups  
The top 20 major food groups contributing to the vitamin B12 intakes among vegetarians 
and non-vegetarians are shown in Table 8. Around half of the vegetarians obtained 
vitamin B12 from savoury sauces and condiments (examples of food items are gravy, 
tomato and cream-based sauces, soy sauce, mayonnaise, cheese sauces, oil and vinegar 
dressings) along with milk, two-fifths from cheese, cakes and muffins, and vegetables, 
one-third from dairy products, and less than a quarter from the rest of the food groups. 
Although these foods were the major sources of vitamin B12, most of these food groups 
are not rich sources of B12 per se.  
For non-vegetarians, milk preceded other food groups as the primary contributor 
of vitamin B12. The subsequent food groups in declining order of mean contribution of 
vitamin B12 were other animal-based food groups (beef and veal, poultry, cheese, eggs 
and egg dishes), followed by grains and pasta, and bread-based dishes. Of all the non-
vegetarians, more than one-half obtained vitamin B12 from milk and poultry; one-half 
from cheese, two-fifths from dairy products, one-quarter from beef and veal, eggs and 
egg dishes, and 35% or less from the remaining food groups. It is worth highlighting that 
notwithstanding the small portion of non-vegetarians consuming beef and veal, this food 
group emerged as the second major source of vitamin B12 for non-vegetarians.  
Results from the dietary habits questionnaire revealed 12 vegetarians (40%) were 
consuming these animal-based food groups, particularly meat, processed meat, poultry, 
fish and seafood.
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Consumption of supplements containing vitamin B12 
Two hundred and fifty-three participants completed the dietary habits questionnaire 
which included questions on supplement consumption. Among these participants, a total 
of 92 (36.4%) reported to have consumed supplements in the last 12 months, where 22 
(8.7%) of them supplemented with vitamin B12 either in the form of single or 
multivitamin. Of those who took supplements with vitamin B12, 50% were vegetarians 
or vegans; and one of these participants reported having B12 injections once every 6 
months. The intake of supplements with vitamin B12 varied among participants, with 
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6. Discussion and Conclusion 
 
In the present study, the overall prevalence of estimated dietary vitamin B12 inadequacy 
was high (> 20%), although vegetarian participants had a significantly higher risk of 
inadequacy (74%) compared to non-vegetarians (14%). For both vegetarian and non-
vegetarian participants, there were no apparent differences in vitamin B12 intake among 
sociodemographic and BMI subgroups. Milk was a major contributor of vitamin B12 among 
both vegetarian and non-vegetarian participants; although savoury sauces and condiments 
ranked higher than milk for vegetarians, and beef and veal and poultry ranked amongst the 
top three food group contributors for non-vegetarians. Interestingly, almost half of those 
who reported being vegetarians were consuming animal-based foods – mostly milk, dairy 
products and cheese although several vegetarian participants reported the intake of fish and 
seafood, poultry, eggs, sausages, processed meat, beef and veal. 
Vitamin B12 intakes reported in the present study for the whole population were 
substantially lower by approximately 30% than the intake reported for 15-18 year old 
adolescent females in the last national nutrition survey in 2008/09 (2.6 μg/day vs 3.7 
μg/day) (64). The low intake of vitamin B12 in the present study resulted in a fairly high 
proportion of the sample population (21%) not achieving the EAR. In comparison to studies 
in other developed countries, the prevalence of vitamin B12 inadequacy among adolescent 
females in the present study was substantially higher (65, 67, 70, 76). For example, studies 
which reported the prevalence of vitamin B12 inadequacy (excluding supplements) among 
non-pregnant adolescent females ranged from 7.3% to 15.6% in the USA (72, 76). A few 
other studies reported only data on mean vitamin B12 intake of adolescent females, with 
values ranging from 5.5 to 6.3 μg/day which are substantially higher than the intake of 
adolescent females in the present study (65, 73). Nonetheless, differences such as location, 
time, classification and/or definition of vegetarianism, as well as dietary assessment 
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methods of these studies in comparison to the present study should be considered. 
Specifically, these studies were carried out at least a decade ago (65, 73), and dietary 
patterns and food environments are likely to have changed over this period of time. 
Different study locations suggest the distinctive dietary patterns practiced by individuals 
living in different countries. Furthermore, there is a high degree of variability across the 
dietary assessment methods used in these studies, with 24-hour recalls being associated with 
a lower degree of mis-reporting compared to other methods (90).   
The very high prevalence of inadequate vitamin B12 intake (74%) and low mean 
vitamin B12 intake (1.4 μg/day) amongst vegetarian adolescent females in the present study 
is a particular concern. In contrast, two other studies published in 2002 and 2019 assessed 
the intakes of vegetarian adolescents in the USA reported mean vitamin B12 intakes which 
were high (5.85 and 6.3 μg/day respectively) (72, 73). These latter two studies did not report 
vitamin B12 intakes by males and females,; however, females made up 66-74% of the 
vegetarians. In addition, despite being almost two decades apart, the mean intakes of these 
two studies did not have apparent differences. There are several possible explanations for 
the lower prevalence of inadequate vitamin B12 intakes of vegetarian adolescents in the 
USA compared to the present study. For instance, majority of the vegetarians were lacto-
ovo-vegetarians, and the study was largely comprised of Adventists known to favour and 
adopt a healthy lifestyle, suggesting the stronger awareness of consuming a balanced diet to 
achieve all nutrient needs (72). Furthermore, majority of the vegetarians in the 2002 study 
had reported the consumption of chicken and/or fish which are common sources of vitamin 
B12 (73).  
The lower intake of vitamin B12 in our sample population may be due to a decrease 
in the consumption of animal-based foods secondary to the increasing trend of consuming 
more plant-based foods. This hypothesis is supported by recent market research in 2019 
which shows that 10% of New Zealanders are mostly going meat-free – an increase from 
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4% in 2014 (4). Moreover, a 2019 Consumer Insight Report found that 24% of New 
Zealanders have reduced their meat consumption in the last year (2). Nonetheless, the major 
food group contributors of vitamin B12 intakes of our non-vegetarian participants (44%; 
milk, beef and veal, poultry, cheese and eggs) was similar to data from the 2008/09 NZANS 
in addition to other national surveys and smaller observational studies (66, 67). 
Interestingly, while milk was one of the major contributors of vitamin B12 intake among 
vegetarians, savoury sauces and condiments ranked as the highest contributor of vitamin 
B12. This finding is likely due to the categorisation of vitamin B12-containing yeast extract 
spreads along with cheese or cream-based sauces, mayonnaise and butter chicken sauce in 
this food group, which was consumed by nearly half of the vegetarian participants. 
Although these foods were the major sources of vitamin B12, most of these food groups are 
not rich sources of B12 per se. Lastly, grains and pasta were listed as a top contributor in the 
diets of both vegetarian and non-vegetarian diets albeit this result was mostly attributed to 
beef and cheese-based lasagne and macaroni dishes.  
With regards to the major food group contributors of vitamin B12, it is evident that 
the amount of vitamin B12 content in different types of dairy, meat and fish vary (Table 9). 
Moreover, the vitamin B12 content in food would also be affected by the preparation 
method of these foods. It also should be highlighted that Table 9 demonstrates the amount 
of vitamin B12 present in food, however bioavailability of different food items should be 
considered, in addition to the absorption of this nutrient in the human body which is 
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Table 9: List of common food items and the amount of vitamin B12 per serve1 




vitamin B12 per 
serve (μg) 
Milk Cow’s milk 3 1 cup (250 mL)  0.4-1.3 
Eggs and egg 
dishes 
Whole egg, cooked 
(scrambled/fried/poached) 
1 0.6 
Beef and veal Beef, cooked 
    Composite cut 
    Mince 4 
. 
100g  




Poultry Chicken, cooked 5 
    Breast 







Fish/seafood Fish, cooked 
    White 
    Salmon, from fresh 
    Tuna, canned and drained 











Dairy products Yoghurt, regular 1 pottle (125-150g) 0.4 
Grains and pasta Lasagna, beef, frozen meal2 






and condiments  
Marmite2 






 Mayonnaise2 25mL 0.25 
 Cheese sauce mix, dry2 10g 0.2 
 Butter chicken sauce 120g 0.1  
Cheese Edam 2 slices (40g) 0.3 
Sugar/sweets Dairy milk chocolate2 
Icing, butter/cream cheese-
based2 
Ice block, milk-based2 
1 bar (50g) 
¼ cup 
 




Cakes and muffins Muffin, sweet2 1 medium sized (150g) 0.2 
Bread-based dishes Pizza, with meat toppings2 1 slice (1/8 of regular 
sized pizza) 
0.2-0.3 
Nuts and seeds Pesto2 25g (1.5 tablespoon) 0.1 
1Serving size based on New Zealand Ministry of Health (91), unless otherwise specified  
2Serving size averaged out based on nutrition information panel of manufactured food items  
3Vitamin B12 content subject to time (month), location, brand and type of milk production 
4Low to high B12 content according to cooking method in sequence: baked/roasted, stir-fried, boiled/simmered 
5Vitamin B12 content subject to cooking method; poaching/simmering/boiling results in lower B12 whereas pan-
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One of the key strengths of the present study is the rigorous collection of dietary 
data, including the repeated 24-hour dietary recall which allowed in the adjustment for usual 
dietary intake. However, under-reporting is a well-known limitation in all dietary surveys, 
which could result in underestimation of intake and overestimation of inadequacy (64). 
Nevertheless, the mean energy intake of adolescent females in the present study was found 
to be similar to the energy intake of adolescent females in the 2008/09 NZANS (64), and 
within the recommended energy intake for individuals in this age group (92). Detailed data 
on supplement use was also not collected not considered alongside dietary intake of vitamin 
B12 and therefore, our usual estimate of B12 intake may be underestimated. Nonetheless, 
only a small proportion of the sample population were taking vitamin B12-containing 
supplements, whereby one-third of albeit half of the vegetarian participants were consuming 
a B12 supplement. This finding is especially important for vegans where supplements may 
be the only source of vitamin B12.  
In addition, the classification of vegetarianism in the present study was based on 
self-reported vegetarians and vegans, as opposed to operationalized definitions of 
vegetarianism in the present study, thus these results may not reflect the actual nutritional 
status due to the possibility of overestimating dietary vitamin B12 intakes as a result of 
vegetarians and vegans consuming animal products commonly excluded in a vegetarian and 
vegan diet (93). A further limitation was the lack of biochemical assessment to verify the 
high prevalence of suboptimal vitamin B12 nutritional status. Lastly, despite the large 
sample size of the study population, and efforts to recruit participants from different levels 
of socioeconomic deprivation, the data are not representative and cannot be generalised to 
the New Zealand population. The total proportion of Māori participants (94)￼; however, 
the small sample size of vegetarians as well as the respective subgroups further limits the 
generalizability of our findings.  
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In conclusion, the present study provides updated information on the adequacy and 
sources of vitamin B12 intake among adolescent females in New Zealand. This is 
particularly important given that the last national survey was completed over a decade ago. 
The high prevalence of inadequate vitamin B12 is a concern for both vegetarian and non-
vegetarian adolescent females. Dietary patterns are evidently changing with the inclusion of 
more plant-based products and reduction of animal products for various reasons. Given the 
shift towards plant-based diets are growing more popular especially among the younger 
population, national nutrition surveys are needed to track dietary patterns and assess the risk 
of inadequate intakes as verified by appropriate biomarkers.  
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7. Application of Research to Dietetic Practice 
 
The present study has accentuated the prevalence of dietary vitamin B12 inadequacy among 
New Zealand adolescent females, especially those who are vegetarians. It is, therefore, 
crucial that all individuals, not only vegetarians but also those who are either consciously or 
unintentionally reducing the consumption of animal products, comprehend the importance 
of having a balanced diet which meets all nutrient requirements. However, having limited 
knowledge about nutrition and the lack of planning around meals could be contributing 
towards the rise in dietary vitamin B12 inadequacy. Dietitians could play their part by being 
aware of the shift in dietary patterns specifically the increasing movement toward vegetarian 
eating, as well as to be mindful of the potential challenges and drawbacks of this eating 
pattern. For instance, not only should dietitians educate the importance of consuming 
adequate nutrients when eliminating or removing animal products, they should also provide 
guidance by offering practical and appropriate suggestions while accommodating to 
individual needs and taking into account the cultural aspects of food and food habits.   
As milk has been consistently being shown as the main contributor towards vitamin 
B12 intake of both vegetarians and non-vegetarians, it could be useful to encourage the 
consistent consumption of milk based on the recommended serving size of dairy and dairy 
alternatives (91, 95), which should result in achieving most to all of the vitamin B12 
requirements. This would also be applicable to individuals who exclusively consumes plant-
based milks, provided that the milk alternatives are fortified with vitamin B12 (96).  A 
challenge identified is the availability and variability of food products fortified with vitamin 
B12 in different countries. Therefore, dietitians should be knowledgeable about the 
voluntary fortification permission for food products in New Zealand, whereby these 
information are provided by Food Standards Australia & New Zealand (FSANZ). 
Alternatively, recommendation of supplementing with vitamin B12 is an effective option, 
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and is necessary under circumstances where dietary intakes are not sufficient to achieve the 
EAR (97-99).   
In addition, a dietitian should be able to demonstrate understanding of sustainable 
food systems by applying the fundamentals of sustainability to dietetic practice. This might 
be the rational approach in order to optimize not only human health but also planetary 
health. To put in context, the recent publications by the EAT-Lancet commission & the 
WHO has recently proposed the need for a global transformation of the food system 
targeting the human health and environmentally sustainable food production (1). The British 
Dietetic Association has shown a great example of how research can be applied to dietetic 
practice by developing the Environmentally Sustainable Diet Toolkit for dietitians, with the 
aim to help make the sustainable diets policy a reality (100).  
Whilst it is important to address the dietary intakes of the population, it is also vital 
for dietitians to be informed of the global food marketing and how it affects the eating 
habits of consumers. According to a research by Mintel in 2019, plant-based product 
launches make up close to a fifth of all retail new product developments (101). Given the 
rapid development of consumer-driven convenient food products along with the promotion 
of unsubstantiated messages and health benefits of certain foods, dietitians could play their 
part by carrying out relevant evaluations so that the public are able to make informed 
choices. 
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Participant Information Sheet 
Study title: The SuNDiAL Project 2019: A survey of nutrition, 
dietary assessment and lifestyle  
Principal 
investigators: 
Names Dr Jill Haszard & Dr Meredith Peddie 
Department: Human Nutrition 
Position: Research Fellows 
Contact phone number: 
03 479 5683 
03 479 8157  
 
Introduction 
Thank you for showing an interest in this project.  Please read this information sheet 
carefully. Take time to think about it and talk with family or friends before you decide 
whether to take part or not. 
If you decide to take part we thank you.  If you decide not to take part that won’t 
disadvantage you and we thank you for considering our request.    
 
What is the aim of this research project? 
We don’t know much about teenage women’s food intakes and lifestyles in New Zealand. 
We suspect that they don’t get enough of some nutrients like iron sometimes, and that this 
can make them feel tired and affect their health. Teenagers often make their own decisions 
about what foods to eat, but we don’t know very much about why they choose the foods they 
eat. Therefore in 2019 the SuNDiAL project is going to investigate food intakes, nutrition, 
health, and why female high school students (aged 15-18 years) choose to eat the way they 
do. 
 
Who is funding this project? 
This project is funded by the Department of Human Nutrition, University of Otago, and a 
Lottery Health Research Grant. 
 
Who are we seeking to participate in the project? 
We are looking for at least 300 female high school students who are between 15 and 18 
years old.  To be eligible to take part, your high school must have agreed to take part in the 
study, or you must live in Dunedin and be able to attend a clinic visit at the Department of 
Human Nutrition after school, you must speak and understand English, and be able to 






If you participate, what will you be asked to do? 
If you agree to take part in this study you will be asked to do three things: 
1) Complete an online questionnaire 
After you have completed the consent process you will be asked to complete a 
questionnaire that asks questions about your health and some general questions such as 
what ethnicity you identify with this questionnaire also asks you about your overall 
eating habits, and why you choose to eat the foods that you do.  This questionnaire will 
take about 30 min to complete.   
2) Attend a session at your school, or at the Department of Human Nutrition with our 
research team  
This visit will take about 60 minutes and you will be asked to: 
 Complete a face to face interview with one of our research team during which you 
will be asked to recall everything you ate and drank the day before.   
 At this session one of our research team will also measure your height, your 
weight, and the length of your lower arm – these measurements will be done twice 
to make sure they are as accurate as possible. This will be done in a private space 
and you won’t be told these measurements unless you ask for them.  
 
3) Complete a second interview about the food you have eaten on another day 
Sometime in the 2 weeks after you have finished the session at school, or at the 
Department of Human Nutrition, you will be contacted by the research team and asked 
to complete a second interview in which you will be asked to recall everything you ate 
and drank on a different day of the week than the first interview .  This is important 
because sometimes you can eat quite differently from one day to the next.  This 
interview will be performed over facetime or zoom, at a time that is convenient for 
you. 
 
There are three other parts to the SuNDiAL project that are entirely optional.  
Please read the following information carefully before you decide whether to take part in 
these optional bits of the study. If you agree to do these, but change your mind later, that’s 
OK - there is no disadvantage to not you if you decide not to do these. You will be asked 
again on the day if you still want to do them. 
1) Provide a blood sample 
We would like you to provide a blood sample (which would be collected by someone 
with extensive training in how to collect blood during the session at school, or at the 
Department of Human Nutrition), but we understand that not everyone feels comfortable 
about this so it is entirely up to you if you do this.  However, if you do provide a blood 
sample, we can tell you whether you’re iron deficient or not. You can still take part in 
the rest of the study even if you don’t do this bit. 
2) Provide a urine sample 
We would also like you to give a urine (“pee”) sample (which is easy for you collect 
yourself in the bathroom with the equipment we give you, during the session at school, 
or at the Department of Human Nutrition). You can still take part in the rest of the study 
even if you don’t do this bit. 
3) Wear an accelerometer for a week 
We would also like you to wear a small red box called an accelerometer on an elastic 
belt 24 hours a day for the seven days following the session at your school.  This will tell 
us how much time you spend sitting down, moving around, and sleeping.  If you choose 
to wear the accelerometer you will be asked to complete a little diary about the times 




wear it. One of our research team will return to your school the week after this visit to 
collect the accelerometer, or will arrange a time to collect it from you. You can still take 
part in the rest of the study even if you don’t do this bit. 
After the completion of the study you will receive a $5 voucher for each component of 
the study that you complete .  That is $5 for completing the online questionnaire, $5 for 
completing the face to face interview about what you ate in the last 24 hours, $5 got 
completing the second interview about what you ate;  $5 for providing a blood sample; 
$5 for providing a urine sample or $5 for wearing the accelerometer for a week.  Adding 
to a possible total of $30 in vouchers. 
 
Is there any risk of discomfort or harm from participation? 
If you choose to provide a blood sample, you should know that there is a risk of a little pain 
or discomfort, and possibly a small bruise from the blood test.  Any bruising should only 
last a few days and an experienced nurse or phlebotomist (someone with training to take 
blood samples) will collect the blood to minimize any discomfort to you. 
 
What specimens, data or information will be collected, and how 
will they be used?  
The answers you provide to the questionnaires and the food questionnaire will be entered 
into a database with every other participants’ answers. All your answers will be kept 
confidential and stored using an id number, not your name. This information will provide 
valuable and unique information about the nutrition status of female high school students in 
New Zealand. Information about why people eat the way they do will also be very helpful if 
some eating patterns provide health benefits. Ultimately, the results of this study will 
support the development of up-to-date government and health agency guidelines for young 
women in New Zealand. 
If you provide a blood sample it will be divided into 3 separate parts.  One part will be taken 
to a local laboratory where it will be analysed for Vitamin B12 concentrations and a complete 
blood count.  The other two parts of your blood sample will be transported to the Department 
of Human Nutrition at the University of Otago where they will be stored in a freezer until we 
have finished collecting all the blood samples from around the country.  When all the blood 
samples have been collected, one part of your blood sample will be sent to Germany where 
it will be analysed for ferritin, soluble transferrin receptor, retinol binding protein, C-reactive 
protein and alpha-glycoprotein.  We are sending this sample to Germany because they have 
a special machine that can measure these things on a much smaller amount of blood, at a 
smaller cost, than we can do in New Zealand.  The remaining part of your blood sample will 
remain at the Department of Human Nutrition, where it will be analysed for plasma selenium 
and plasma zinc, thiamin, plasma folate, Vitamin B6, Leptin, Interlukin-6 and blood lipids. 
If you provide a urine sample it will also be transported to the Department of Human 
Nutrition at the University of Otago where it will be stored in a freezer until it is analysed for 
iodine concentrations.  
Once all of the analysis on your blood and urine samples has been completed they will be 
disposed of using standard biohazard protocols.  On the consent form you can indicate to us 
if you would like your samples disposed of with a Karakia (Māori Prayer).  We will only test 





What about anonymity and confidentiality? 
Your information will be identified with an ID number only in the database that contains 
the results of the study.  This database will be stored on the researchers’ computers which 
are password protected.  A backup copy may also be stored on the University’s shared 
server space, but only Jill Haszard and Meredith Peddie will have the password so no one 
else can access the information .   
The information linking you to your ID number will be stored in a separate password 
protected file that only Jill Haszard and Meredith Peddie will have access to.  The only 
reason they would access this information once you have completed the study would be if 
you requested your individual results.  This file will be destroyed once all participants have 
been given the opportunity to request individual information.  The de-identified information 
collected as part of this research will be kept in secure storage for at least 10 years. 
 
If you agree to participate, can you withdraw later? 
You may pull out of the project before the study has been completed (anticipated to be 
October 2019) without any disadvantage to yourself of any kind. Once data collection is 
completed and your information is integrated into the study it will no longer be possible to 
withdraw your information from the study. 
 
Any questions? 
If you have any questions now or in the future, please feel free to contact either: 
Name: Dr Jill Hazsard 
Position: Senior Research Fellow 
Department of Human Nutrition 
Contact phone number: 
03 479 5683 
Name: Dr Meredith Peddie 
Position: Research Fellow 
Department of Human Nutrition 
Contact phone number: 
03 479 8157 
 
This study has been approved by the University of Otago Human Ethics Committee 
(Health). If you have any concerns about the ethical conduct of the research you may 
contact the Committee through the Human Ethics Committee Administrator (phone +64 3 
479 8256 or email gary.witte@otago.ac.nz). Any issues you raise will be treated in 











Appendix C: 24-hour dietary recall recording sheet 
 
First  or Second  24 h Recall  
 
Participant ID:  Interviewer:  
     




































Participant ID:  Interviewer:  
     
Date:  Day of the Week:  
 
Detailed 24 h Recall 
 
Time Description of Food or Drink Brand Amount Leftovers/Second 
helpings 
     
     
     
     
     
     
     
     
     
     
     







Participant ID:  Interviewer:  
     






































Participant ID:  Interviewer:  
     
Date:  Day of the Week:  
 
 




If so what time suits them to be rung? 
 















Appendix D: Prompts for dietary recall 
Useful Prompts for Specific Food Groups 
 
FRUIT 
 Peeled or unpeeled 
 Colour? – e.g. red/green apple 
 Tinned? – if so was it tinned in syrup or juice, how much of the syrup/juice did they 
have  
 Use photos of tinned peaches, wooden balls, cups or beans to help estimate portion sizes 
 
VEGETABLES 
 Fresh, frozen or Tinned (if tinned were they tinned with flavoured sauce/syrup/juice) 
 Cooking method – boiled, baked (with fat/oil – what type and how much?), microwaved, 
steamed etc 
 Colour – e.g. red/green capsicums 
 Potatoes – with or without skin, if mashed what was added and how much? 
 Quantities could be recorded in cups (sliced/whole/mashed/diced) or how much of a 
whole vegetable (e.g. ½ a medium capsicum) 
 Use photos to help estimate portion size for similar vegetables not shown in pictures 
(e.g. broccoli can be used to estimate cauliflower, peas can be used for corn or bean etc).  
Use thickness guides and rulers to help estimate sliced vegetables (e.g. cucumber). 
 
DAIRY 
 Milk – brand name and fat content (show picture of bottle tops) 
 Yoghurt – brand and with fruit or plain/natural or vanilla, reduced fat, low fat 
 Ice cream – brand, any additions?  If in a bowl use pictures to help estimate amounts.  




 Roasted, raw, salted, other favouring, blanched 
 Whole, chopped, slivered 
 Mixed – with or without peanuts 
 How many cups or how many whole nuts? or can use beans to estimate handful size 
 
BREAD 
 White, wholemeal, wholegrain, light or dark rye (use photos to help with identification) 
 Brand name (important for fortification) 
 Toast or sandwich slice (thick or thin) 
 For buns – any toppings (don’t worry about small amounts of seeds, but do record 
cheese, bacon etc) 
 
MARGARINE/BUTTER/TABLE SPREAD 
 People often use the term butter and margarine interchangeably so collect the brand 
name (do not comment on the fact they might not have used the correct description) 
 Low fat or standard 










 Juices/Fruit Drinks  
o Terms used interchangeably so always collect brand information if possible 
o 100% juice or fruit drink 
o No sugar added or sweetened? 
o Added vitamins 
o Commercial or freshly squeezed 
o Did they dilute with water, if so how much 
o Use cups or pictures of cans and bottles to help estimate portion size 
 
 Fizzy drinks 
o Brand 
o Flavour 
o Diet, standard, zero sugar, type of sweetener 
o Caffeinated 
o Use cups or pictures of cans and bottles to help estimate portion size 
 
 Made from liquid (cordial) or powdered concentrate (raro) 
o Brand and flavour details of concentrate 
o Standard or low energy/ low sugar version 
o How much concentrate? 
o Did they make it with water or something else? 
o How much water or other substance was added? 
 
PACKAGED FOODS 
 Brand and package size most important 
 Did they consume everything in the packet? 
 
MIXED DISHES 
 Try and record recipe if possible 
 If recipe unavailable try and get as much detail as possible 
 Check any protein ingredients, starchy ingredients, vegetables, sauces 













Appendix E: Food group categories and examples of food items (64) 
 
Food group  Examples of food items included 
Grains and pasta  Rice (boiled, fried, risotto, sushi, salad), flour, pasta/noodles, bran, cereal-based products and 
dishes (pasta and sauce, lasagne, pasta salad, noodle soup, chow mein) 
Bread  All types of bread (rolls, pita, foccacia, garlic), bagels, crumpets, sweet buns 
Breakfast cereals  All types (muesli, wheat biscuits, porridge, puffed/flaked/extruded cereals) 
Biscuits*  Sweet biscuits (plain, chocolate coated, fruit filled, cream filled), crackers 
Cakes and 
muffins* 
All cakes and muffins, slices, scones, pancakes, doughnuts, pastry 
Bread-based 
dishes 




Milk puddings, cheesecake, fruit crumbles, mousse, steamed sponges, sweet pies, pavlova, 
meringues 
Milk  All milk (cow, soy, rice, goat and flavoured milk), milkshakes, milk powder 
Dairy products Cream, sour cream, yoghurt, dairy food, ice-cream, dairy-based dips 




Butter, margarine, butter/margarine blends, reduced-fat spreads 
Fats and oils  Canola, olive, sunflower and vegetable oils, dripping, lard 
Eggs and egg 
dishes 
Poached, boiled, scrambled and fried eggs, omelettes, self-crusting quiches, egg stir-fries 
Beef and veal  All muscle meats (steak, mince, corned beef, roast, schnitzel, etc), stews, stir-fries 
Lamb and mutton  All muscle meats (chops, roast, mince, etc), stews, stir-fries, curries 
Pork All muscle meats (roast, chop, steak, schnitzel, etc), bacon, ham, stews, stir-fries 
Poultry  All chicken, duck, turkey and muttonbird muscle meats and processed meat, stews and stir-fries 
Other meat  Venison, rabbit, goat, liver (lambs fry), pâté (liver), haggis 
Sausages and 
processed meats  
Sausages, luncheon, frankfurters, saveloys/cheerios, salami, meatloaf and patties 
Pies and pasties  All pies including potato top, pasties, savouries, sausage rolls, quiche with pastry 
Fish and seafood All fish (fresh, frozen, smoked, canned, battered, fingers, etc), shellfish, squid, crab, 
fish/seafood dishes (pies, casseroles and fritters), fish/seafood products 
Vegetables All vegetables (fresh, frozen, canned) including mixes, coleslaw, tomatoes, green salads, 
legumes and pulses, legume products and dishes (baked beans, hummus, tofu), vegetable dishes 
Potatoes, kumara 
and taro 
Mashed, boiled, baked potatoes and kumara, hot chips, crisps, hash browns, wedges, potato 
dishes (stuffed, scalloped potatoes), taro roots and stalks 
Snack foods  Corn chips, popcorn, extruded snacks (burger rings etc), grain crisps 
Fruit  All fruit, fresh, canned, cooked and dried 
Nuts and seeds  Peanuts, almonds, sesame seeds, peanut butter, chocolate/nut spreads, coconut (including milk 
and cream), nut-based dips (pestos) 
Sugar and sweets Sugars, syrups, confectionery, chocolate, jam, honey, jelly, sweet toppings and icing, ice-
blocks, artificial sweeteners 
Soups and stocks  All instant and homemade soups (excluding noodle soups), stocks and stock powder 
Savoury sauces 
and condiments  
Gravy, tomato and cream-based sauces, soy, tomato and other sauces, cheese sauces, 
mayonnaise, oil & vinegar dressings, chutney, marmite 
Non-alcoholic 
beverages  
All teas, coffee and substitutes, hot chocolate drinks, juices, cordial, soft drinks, water, 
powdered drinks, sports and energy drinks 
Alcoholic 
beverages 
Wine, beer, spirits, liqueurs and cocktails, ready-to-drink alcoholic sodas (RTDs) 
Supplements 
providing energy* 
Meal replacements, protein supplements (powders and bars) 
Snack bars* Muesli bars, wholemeal fruit bars, puffed cereal bars, nut and seed bars 








Appendix F: Anthropometric measurement protocol  
 
ANTHROPOMETRIC MEASUREMENTS  
 
Gain verbal consent from the participant for each measurement and explain 
fully what you will do to obtain them. Before beginning, gain consent from the 
participant to use non-permanent pen for marking anatomical land marks. 
 
NB: anthropometry tapes have a blank lead before measurement 
markings start - consider this when 
reading a measurement. 
 
HEIGHT 
1. Ask the participant to remove their 
shoes, as well as any hair ornaments or 
buns/braids on the top of the head. 
 
2. If the participant is taller than the 
investigator, use a step tool to take the 
measurements.  Errors can be 
minimised by the investigator being 
parallel to the participant and the 
headpiece.  
 
3. Tell the participant to stand with their 
heels together and toes apart pointing 
outward at approximately a 60-degree 
angle. 
 
4. Make sure the back of the head, 
shoulder blades, buttocks, and heels of 
the participant are touching the 
backboard/stadiometer. 
 
5. Make sure the participant’s head is 
aligned in the Frankfort horizontal 
plane, where a horizontal line connects 
from the ear canal to the lower border 
of the orbit of the eye. 
6. Lower the headpiece to rest firmly on 
the top of the participant’s head and 
ask the participant to stand as tall as 
possible and take a deep breath. 
 
7. Record the result to the nearest 0.1 cm 
in the HEIGHT 1 box on the recording 











1. Ask the participant to remove any heavy clothing (such as jackets, heavy 
tops, boots etc). As the participant would have just had their height 
measurement done, they should not be wearing shoes. 
 
2. Turn on the scales, ensure they are switched on to metric (kg). 
 
3. Ask the participant to step on to the scales so that they are facing away 
from the display (prevent seeing the weight) cautioning them that they 
need to step up onto the scales. 
 
4. Wait for the scales to read or come to a stable number. 
 
5. Record the participant’s weight to the nearest 0.1 kg in the WEIGHT 1 box 
on the recording sheet without informing the participant. 
 
ULNA LENGTH:   
Ulna length is measured between the point of the elbow and the midpoint of 
the prominent bone of the wrist using an anthropometric tape. This value is 
then compared with a standardized height conversion chart. Participants 
should be dressed in light clothing with no wrist watch or other jewellery on 
the arm that is to be measured. 
1. Measure between the point of the elbow and the midpoint of the 
prominent bone of the wrist (non-dominant side). 
 
2. Read and accurately record the measurement to the nearest 0.1 cm in 












REPEAT ALL MEAUREMENTS 
 
Repeat all three measurements again, in the same order, entering the 
measurements in the HEIGHT 2, WEIGHT 2 and ULNA LENGTH 2 box as 
appropriate (do no tell participant measurements). 
CHECK: are any of the 1st and 2nd measurements are more than 0.5 units 
apart?  If so take a third measurement where required. 
 
Fig 2: ulna length measurement 
